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(54) Titie: METHOD FOR FORMING A THREE-COMPONENT NITRIDE FILM CONTAINING METAL AND SILICON 
(57) Abstract 

A method for forming 
a three-component film 
containing metal, silicon 
and nitrogen for use in 
semiconductor devices on a 
substrate. The method of the 
present invention comprises 
the steps of: preparing separate 
reactive gases each including 
at least one selected from the 
group consisting of a gaseous 
metal compound, a gaseous 
silicon compound and an 
ammonia gas under conditions 
such that the gaseous metal 
compound and the ammonia 
gas does not form a mixture; 

determining a sequential gas supply cycle of the reactive gases so that supplies of the gaseous metal compound, the gaseous silicon 
compound and the ammonia gas are each included at least once within one gas supply cycle; and applying the reactive gases to the 
substrate by repeating the gas supply cycle at least once. According to the present invention, a three-component nitride film can be formed 
widi a uniform thickness despite unevenness of a semiconductor substrate surface. 



al : Ar carrier gas bubbled in tetrakisdimethyamidotitaniiiin 

bl : Ar gas 

cl : ammonia gas 

dl : silane gas 
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METHOD FOR FORMING A THREE-COMPONENT 
NTTRmE FH^M CONTAINING METAL AND SILICON 

TECHNICAL FIELD 

5 The present invention relates to a method for forming a film, and more 

particularly, to a method for forming a compound film of uniform thickness 
containing metal, silicon, and nitrogen for use in semiconductor devices on a 
substrate. * ' : ' 

10 BACKGROUND ART : ^ : 

In the manufacture of semiconductor devices, a sputtered film of titanium 
. nitride (TiN) is currently used as a diffusion barrier metal to prevent the diffusion of a 
metal interconnect into a silicon single crystal or an insulating layer. Additionally, the 
TiN is also used as a gliie layer material to enhance adhesion when tungsten is used 

15 for forming an interconnect structure. However, a TiN film formed by sputtering or 
chemical deposition tends to have a colxramar crystal structure, causing a problem 
that the metal interconnect material easily dififtises along its grain boundary. If a 
tungsten layer is formed on a TiN glue layer, the tungsten source gas WFg also easily 
diffuses along the grain boundary of the TiN layer to cause damage to the TiN glue 

20 layer. 

Such problems can be alleviated by using a nano-crystalline material with 
extremely small grains or an amorphous niaterial as a diffiision barrier material. A 
three-component nitride containing silicon and a refiractory metal such as titanium, 
tantalum or tungsten is promising for such material. 

25 With the trend to continue to miniaturize semiconductor integrated circuits to 

achieve submicron feature sizes, the width of an interconnect line becomes smaller 
and the aspect ratio of a contact hole becomes higher. Sputtering method is 
inadequate to form a film of a uniform thickness on such a structure because the 
method has a certain directivity. Accordingly, it is required that a uniform film of 

30 about lOnm thickness is formed on a surface having holes of high-aspect ratio, that is, 
on an extremely uneven surface even using other deposition methods, Althou^ 
chemical deposition is typically used to form a uniform thickness film, good step 
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cov^age can no. be ob^ined und„.. d-emici depo^ion «»dition <h« 6^ 
„ J react viCenUy in gas pl>a.es. Pa«i»^y in fl« case of using ^ 
^ compound .0 chemicaily deposi. a me». ni«de fita. *e depos.«^ m»i 
nittide film has a bad s«p coverage due «, fte taction be««en gaswus aUcjdanudo 

5 metal compound and ammonia gas. 

unlike conv««ional chemical de^sito me*ods wl«.e to film source 

are simuluneously suppUed on a subs«a.e. dre se,ue„dal deposition me*od »he,e 
sources are s«,ue.«iaUy suppUed on a subs»« enables formadon of a unborn 
Sickness dun film because i. can be formed only by chemical reaction of d.e 
,„ .ubsti.«sw^.™smed»dis«.Ud.scrtbedinU.etonowingboolc;T.Sun»laand 

M Simpson eds.. Morale E^, Bl«kie. Undon, .990. Ho»ever, .he 
applications of dus method have be«. limited » d>e fonnation of a two component 
fihnoracomposi.e9xidefi1mcont.iningmore<hand«ecomponents. 

DISCLOSllKE OF INVENTION 

Accordingly, it is an object of the presot invention to provide . method fcr 
forming a three^mponem nitiide fihn containing m«a. and siUcon for use m a 
Zer layer which effectively prevents the di«.sion of meta. i^nnects of 

semiconductor devices, t.. u « 

Another object of the present invention is .0 provide a process b, wtach a 

three^mponen. nitride film containing metal and silicon is formed witi. a umfcrm 
auckne.sdespi.eunevennessofasemicond™=«>rsubs,ra..s»fec. 

order to accompUsh ti,e afor^nentioned object, 4e preset mv«.tio« 
p^vides a med»d for forming a d^mponent nitiide film containing me.-^ 
„ moon on a su^rate. the method comprising d,e steps of: (a, prepanng sep-e 
r^ve gases each including at leas, one selected fiom d« poup constsung 0^ 

^ Lai compound, a gaseous siUcon compound and an — - 
Lditions such drat ti» gaseous m«a. compomtd ^ d,c ammoma gas does not fonn 
lixurre; (b) determining a sequential gas supply cycta of d« reac«ve gases so « 
30 JTHes L gaseous meta. compound, the gaseous siUcon compound and *e 
Zll gas =« included at least once Within one gas ^.y cycle-, an (c 
Xt^e reactive g^s to the substr^ebyrepeatingthegassupplycycleatleast 
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once. 

The reactive gases include only five types of gases such as a gaseous metal 
compoimd, a gaseous silicon compound, an anunonia gas, a mixture of a gaseous 
metal compound and a gaseous silicon compound, a mixture of a gaseous silicon 
5 compound and an anunonia gas because gaseous metal compound and the ammonia 
gas react each other thus should not form a mixture. 

^ BRIEF DESCRIPTION OF DRAWINGS 

FIGS. lA to IC are graphs showing the gas supply cycles regardless of 
10 absolute niagniiude iii flow rate and deposition time according to the eniBodiments of 
the present invention. 

BEST MODE FOR CARRYINiS OUT THE INVENTION 
In the embodiment of the present invention, various gas supply cycles can be 

15 determined as follows. 

First, between the supplies of the reactive gases, supplies of a gas not 
reacting with any of the reactive gases are inserted. The respective reactive gas 
supplies of a gaseoxis metal compound, a gaseous silicon compound and an ammonia 
gas are preferably arranged in a cyclic permutation order, and supplies of a gas not 

20 reacting any of the three component gases are inserted therebetween. For example, 
the supply cycle may be determined to be "gaseous metal compound-->non-reacting 
gas->gaseous silicon compound->npn-reacting gas->ammonia gas->non-reacting 
gas" or "gaseous metal compound->non-reacting gas->anunonia gas->non-reacting 
gas->gaseous silicon compound->non-reacting gas", respectively. In the chemical 

25 deposition, such a supply cycle is repeated to form a film of desired thickness. 

Second, because the reactive gases include gas mixtures, the respective 
supplies of reactive gases containing a gaseous metal compound and an ammonia gas 
are arranged within the supply cycle and supplies of a gas not reacting with any of the 
two reactive gases are inserted therebetween. Here, the reactive gas containing a 

30 metal compound may be a sole gaseous metal compound or a mixture of a gaseous 
metal compound and a gaseous silicon compoimd. Additionally, the same may be a 
reactive gas containing an ammonia gas. In this case, the supply cycle may be 
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determined, for example, to be "mixture of a gaseous metal compound and a gaseous 
silicon compound->non-reacting gas-^ammonia gas-^non-reacting gas", "gaseous 
metal compound-.non-reacting gas^mixture of an ammonia gas and a gaseous 
siUcon compound-*non-reacting gas", or "mixture of a gaseous metal compound and 
5 a gaseous silicon compound->non.reacting gas^mixture of an ammonia gas and a ~ 

gaseous silicon compound-^non-reacting gas", respectively. In the above methods of 
determining supply cycle, the non-reacting gas is supplied to prevent the reaction of 

reactive gases. 

Third, a- gaseous silicon Compound, instead of a; non-reacting gas, may be 
0 used to prevJnt die vapor feaction^between a^ gasebus^ metar compound and an 
ammonia gas. Accordingly; the supply cycle is determined by inserting a gaseous ■ 
silicon compound between the respective supplies of the reactive gases contaimng a 
• metal compound and ammonia. For ekaihple, the respective r^ctive gas supplies of a ' 
gaseous metal compound, a gaseous siUcon compound and an ammonia gas are 
,5 arranged in a cyclic permutation order, and suppUes of a gaseous silicon compound 
are inserted therebetween. IMt is, the supply cycle may be "gaseous metal 
compound->gasebus silicon compound-^ammonia gas-.gaseous silicon compound". 
Instead of the above supply cycle, the supply cycle may be "mixture of a gaseous 
metal compound and a gaseous silicon compound-^gaseous sihcon 
20 compound->ammonia gas^gaseous siUcon compound", "gaseous metal 
compound-^gaseous silicon compound-^mixture of an ammonia gas and a gaseous 
silicon compound-^gaseous silicon compound", or "mixture of a gaseous metal 
compound and a gaseous silicon compound-^gaseous silicon compound->mixture of 
an ammonia gas and a gaseous siUcon compound^gaseous silicon compound". As 
25 described above, the supplies of reactive gases, such as a gaseous silicon compound, 
not reacting with other reactive gases can be inserted between the supplies of other 
reactive gases to prevent vapor phase reactions. 

Fourth, the supply cycles can be diffei^tly determined to control the 
stoichiometric composition of a fihn during the deposition. TTxe desired control of 
30 stoichiometric composition provides better matches of physical properties between 
the deposited film and the upperAower layers thereof. Such physical properUes 
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include a contact resistance, a step coverage, etc. For example, in the case of 
depositing a three-component nitride film containing titanium and silicon on a 
silicon-rich underlayer, a silicon-rich film (Tij^SiyN, x<y) is deposited in the early 
stage of deposition to provide low contact resistance and then a titanium-rich fihn 
S (Ti^SiyN, x>y) is deposited in the late stage of deposition to reduce the film resistance 
itself. 

In order to form such a film, the supply cycle is determined to include 
supplies of gaseous silicon^ compound more than those of gaseous metal compound in 
the early stage of deposition whereas it is determined to include supplies of gaseous 

10 metal compound more thaii those of gaseous silicon compound in the late stage of* 
deposition. For example, the supply cycle is determined to be "Si-N-Si-N-Ti-N-" in- 
the early stage of deposition, "Si-N-Ti-N-" in the middle stage of deposition, "Si-N- 
Ti-N-Ti-N-" in the late stage bf deposition, wherein Si is a gaseous silicon compound, 
N is an ammonia gas, and Ti is a gaseous titanium compound. In the above supply 

15 cycle, notation of non-reacting gas, which is supplied between the supplies of reactive 
gases, was omitted. 

In some cases, the supply cycle may be . "Si-N-Ti-N-Ti-N-Ti-N-Ti-N-Ti-N- 
" to lower the overall content of silicon in a deposited film while maintaining constant 
composition of silicon. In the embodiments, the metal included in the metal 

20 compoimd is preferably a refiractory metal, and more preferably, the refi-actory metal 
is titanium, tantalum, or tungsten. Additionally, the metal compound may be an 
organometallic compound or a halogenated metallic compound. In the case of using 
an organometallic compound, it is preferably an amido or imido compoimd of a metal. 
More preferably, the amido compound of a metal is an amidotitanium compound and 

25 most preferably the amidotitaniimi compound is tetrakisdimethylamidotitanium or 
tetrakisdiethylamidotitanium. 

Likewise, for example, if tantalum tris-diethylamido-t-butylimide is used as 
a metal source, a three-component nitride film containing tantalum and silicon can be 
obtained. 

30 The silicon compound is preferably a compound comprised of hydrogen and 

silicon, which is represented by SinH2n+25 wherein n is a natural number of not more 
than 5. Preferably, the non-reacting gas is H2, He, Nj, or Ar, 
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toa„ohemicaldeposWon*p,teKmpen>tur=ofttasub^isp^^ 
,,,,i^,.M»totea«rn>ald=composWo„«mpc«Wreoftom^ 
. «, pev»t the fbrmadon "t a film wi«> poor s«p coverage due to vapor phase 

reaction. , ^ 

Tte present invention wiU be further described in the following examples ~ 

and wiU be compared >vith other examples, but the present invention should not be 
construed as being Umited thereto. . . , tk. 

All the reactions were carried out in a reactor made of stainless steel. The. 
p^essure in the reactor during the deposition was 1 Torr, whUe the -P-^ ^^^^^^ : 
,0 silicon substtate- contained in the reactor was maintamed at 180 G. 
Tetrakisdimethylamidotitanium^ametallicsourc^^^ 

an argon carrier gas at a temperature of 25^C. The temperature of gas supply hne was 
n^tamed at lOO^'G to prevent the condensation of tiie metallic source. 

15 [example 1] • ^„ 

The cyele vras comprised of se-Jiential soppUes of an argon camer gas 
^hbledm.e.rakisdta,e.hylamidoHtamuma.aflowra«ofl(K.sccmfor5«c^^ 

argon gas at a flov. rate of lOOsccm for 10 seco-Kis. an ammonia gas at a flo« of 
,« si fbr 5 seconds. ». argon gas a, a flow rate of .00 seem for .0 se«* a 
» sila^ (SiHJ gas a. a flow rate of 38sccm tor 5 seconds, and a„ argon gas a fl^w 
^ of 100 seem for 10 sec^^ T*e cyele was repeated by 200 «mes, as shown m 
FIG lA Aoger sp»«.m analysis of the deposited film indicated compositrom of 
««nim nitrogo. silicon, carbon, and oxygen with their specific peaks. 

25 [example 2] . 

The cycle was comprised of s«,n««ial suppUes of m argon camer gas 
bubbled in ,e,raldsdin,ethy.amido.itani»m a. a flow rate of 91 seem mixed . 
,^gasa.aflowrateof9scemf6r5see«.ds.anammomagasataflowra.eofH3 

^ 1 5 se^nds, and an argon gas a. a flow ra» of 100 seem for 10 second. Tl» 
3. cycle was repeated by 200 times, as shown in HO. IB. Anger speetnmr andysts of 
^ deposited fii™ indicated compositions of titamum. nim,Ben. siHcon. carbon. «^ 
oxygen witii tiieir specific peaks. 
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[example 3] 

The cycle was comprised of sequential supplies of an argon carrier gas 
bubbled in tetrakisdimethylamidotitanium at a flow rate of 1 00 seem for S seconds, an 
5 argon gas at a flow rate of 100 seem for 10 seconds, an anunonia gas at a flow rate of 
13 seem mixed with a silane gas at a flow rate of 38 seem for 5 seconds, and an argon 
gas at a flow rate of 100 seem for 10 seconds. The cycle was repeated by 200 times, 
as shown in 'FIG.^lC, Auger spectrum analysis of the deposited fihn indicated 

* compositions bf titanium, nitrogen, silicon, carbon, and oxygen, with- their specific 
10 peaks. . . 

[comparative example 1] 

• ' " The tycle ^Mras comprised' of sequential supplies of an argon carrier gas^- 

bubbled in tetrakisdimethylamidotitanium at a flow rate of 100 seem for 5 seconds, an 
IS argon gas at a flow rate of 100 seem for 10 seconds, a silane gas at a flow rate of 38 
seem for 5 seconds, and an argon gas at a flow rate of 100 seem for 10 seconds. The 
cycle was repeated by 200 times, and no film, however, was formed on the silicon 
substrate. 

20 [comparative example 2] 

The cycle was comprised of sequential supplies of an ammonia gas at a flow 
rate of 143 seem for 5 seconds, an argon gas at a flow rate of 100 seem for 10 seconds, 
a silane gas at a flow rate of 38 seem for S seconds, and an argon gas at a flow rate of 
100 seem for 10 seconds. The cycle was repeated by 200 times, and no film, however, 

25 was formed on the silicon substrate. 

The comparative examples show that reactive gases of a gaseous metal 
compoimd, a gaseous silicon compoimd and an anmionia gas each should be included 
at least once within the gas supply cycle to fonn a three-component nitride film 
30 containing metal and silicon. 
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WHAT IS CLAIMED IS : 

silioononasubst«Ue.audiMlhodcomprismgttesttpsof: 

(bYdetermiiung a sequential gas supply cy . , s^d 

,„ ^ said gaseous ^ con.P»»^ "7°"" " 

a™momagasarecachinol«.ed,.leaa.oncewi4in«»B.ssupp.,eyd.;a^ ^ ,. 

;:^Jgsaid«ao.vegases»-s«^W«.-^.»«^,r^ 

at least once. 

„ 2 The .naU^d of ctaiml,wl^n said one gas supply cycle o»»pris«^UW 
" .J!:^.i.hanyofsaid«ac.vegases,eacHsupp,y..ein,i„se«^*^ 
the supplies of said reactive gases. 

3 Ucn^ of cl«m 2..^ the respec^ve supply cycles are de«n^^ 
T„ . of leaetive gas suppUes to change the stoichtometnc 

layers thereof. 

4 Theme.hodofcl»mJ.«teeinsaid*«.ic-vapordepo»tio.st^^ 

,„„vdessaidsupplycyclese«*i«ctadingielativelymo.egaseous 

les each includhtg teUtively .note gaseo.« tneta. con.pc«nd ^s » 

of said deposition st.p. .0 .educe fte contact rcs»t»«c b««een s»d thtee 

component f'ta 

5. The ntethod of olahn i «he.iB, ™.hin sai- -PP'^ 
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supplies of a gaseous metal compound, a gaseous silicon compound and an ammonia 
gas are arranged in a cyclic permutation order, supplies of a gas not reacting any of 
the three component gases being inserted between.said reactive gas supplies. 

5 6, The method of claim 1, wherein, within said one supply cycle, the respective 
supplies of reactive gases containing a gaseous metal compound and an ammonia gas 
are arranged, supplies of a gas not reacting with any of said two reactive gases being 
inserted therebetween. ; x . .^ 

10 7. The method of claim 1, wherein, within said one supply cycle, the respective 
supplies of reactive gases containing a gaseous metal compound and an ammonia gas 
are arranged, supplies of a gaseous silicon compound being inserted therebetween. 

8. The method of claim 1, wherein, within said one supply cycle, the respective 
IS supplies of a gaseous metal compound, a gaseous silicon compound and an ammonia 

gas are arranged in a cyclic permutation order, supplies of a gaseous silicon 
compound being inserted therebetween. 

9. The method of claim 1, wherein said metal is selected fix>m the refractory metal 
20 group consisting of titanium, tantalum and tungsten. 

10. The method of claim 1, wherein said metal compound is an organometallic 
compound. 

25 11. The method of claun 1, wherein said metal compoimd is a halogenated metallic 
compound. 

12. The method of claim 10, wherein said organometallic compound includes at 
least one amido or imido group. 

30 

13. The method of claim 12, wherein said amido-metallic compound is an amido- 
titanium compound. 
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14 The method of claim 13, wherein said amidctitanium compound is 
. tetrakisdimethylamidotitaniumortetrakisdiethylamidotit^^^ 

5 15. Tl,e method of claim 12. wherein said organometallic compound is tantalum 
tris-diethylamido-t-butylimide. 

16 Tl„ m.a«Ki of data. 1. «h«dn said silicon compound is a compound 
comprise of hydrog™ and silicon «Uoh i, r=p«s»«d by Sifl^. whe«in n . a 
10 naturalnamberofnotiiioretoS. 

,7. ThemeU»dofcl.imiv*e«ins.id»».«u=dng8asissel=^^ 
consisting of H» He, N,, and Ar. 

„ 18 Tl«mcftodofclaiml.«h«ei«*«t»np«a««ofsaidsob«««>sn^ed 
10^ d-an *e U^nna. decomposiUon «n,«a»re of s«d metal cotnpound darmg 
chemical deposition. 
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Deposition Time 

ai Ar carrier gas bubbled in tetraidsdimethyamidotitanium 
bl : Ar gas 

cl : ammonia gas' ' - »^ 

dl : silane gas ' ^ 
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a2 : Ar carrier gas bubbled in tetrakisdimelhyamidotitanium 

mixed with silane gas 
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c2 : ammonia gas 
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a3 : Ar carrier gas bubbled in tetraidsdimethyamidotitanium 
b3 : Ar gas 

c3 : mixture of ammonia gas and silane gas 
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